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Detailed report 

(Name of invention) 

radical curing type flame resistant resin composition 

Abstract 
(Object) 

This invention offers a radical curing type flame resistant resin composition 
which has sufficient flame resistance and alkali resistance. 

(Solution) 

This invention consists of a radical curing type flame resistant resin composition 
which contains a radical polymerizing resin (A), an amino compound which has a triazine 
ring (B). The amount of amino compound which has a triazine ring (B) is 1 to 30 wt. 
parts per 100 wt. parts of radical polymerizing resin (A). The radical polymerizing resin 
(A) contains epoxy (meth)acrylate containing phosphorus (C) obtained by reacting acid 
ester (meth)acrylate phosphate (a) and an epoxy compound (b). 



Sphere of patent request 



(Claim 1) 

Claim 1 is concerning a radical curing type flame resistant resin composition 
which contains a radical polymerizing resin (A), an amino compound which has triazine 
ring (B). The amount of amino compound which has a triazine ring (B) is 1 to 30 wt. 
parts per 100 wt. parts of radical polymerizing resin (A). The radical polymerizing resin 
(A) contains epoxy (meth)acrylate containing phosphorus (C) obtained by reacting acid 
ester (meth)acrylate phosphate (a) and an epoxy compound (b). 

(Claim 2) 

Claim 2 is concerning the radical curing type flame resistant resin composition in 
claim 1 where part or all of the epoxy compound (b) is glycidyl (meth)acrylate. 

(Claim 3) 

Claim 3 is concerning a product made by curing the radical curing type flame 
resistant resin composition stated in claim 1 or 2. 

Detailed explanation of the invention 
[0001] 

(Technical field of this invention) 

This invention is concerning a radical curing type flame resistant resin 
composition and cured products made from the same. 

[0002] 
(Prior art) 

Epoxy (meth)acrylate is a polymerizing oligomer. When a radical cured type 
resin composition is made using this, a cured product with excellent basic performance 
can be acquired. Therefore, in recent years, it has been used in various applications. 
[0003] Cured products acquired from a curing resin composition containing epoxy 
(meth)acrylate originally are organic substances that burn easily. Therefore, when it is 
used for finished products such as construction materials, the necessary flame resistance 
for fire prevention standards has to be added. 

[0004] This flame resistance is normally obtained by adding a flame resistance agent 
such as phosphorus compounds or ester phosphate. By combining a phosphorus 
compound or ester phosphate with the resin, phosphorus atoms will be contained in the 
cured product. These phosphorus atoms are coated by phosphorus oxide on the surface 
during burning. Because this coating blocks oxygen, the cured product is flame resistant. 
[0005] However, with only phosphorus atoms, a certain amount of phosphorus atoms in 
the resin composition becomes necessary. It is necessary to use a lot of expensive 
phosphorus compound. If the amount of phosphorus atoms is small, formation of the 
coating on the surface of the cured product is insufficient and it is hard to give sufficient 
flame resistance to the cured product. In the cured product, since the phosphorus 
compound or ester phosphate easily reacts with alkali substances, the cured product has 
poor alkali resistance. 

[0006] Japan patent No. H 10-152545 discussed a flame resistant epoxy resin 
composition which has epoxy resin containing phosphorus atom and a curing agent 
containing a functional group that reacts with the epoxy group. However, in this case, 



since curing is by reaction of the epoxy group, when compared to radical curing type 
resin composition, curing is bad. As a result, the productivity when a molded product is 
produced using the resin becomes low. 

[0007] 

(Problem that this invention tries to solve) 

This invention considered the current situation above, and its object is to offer a 
radical curing type flame resistant resin composition which has sufficient flame 
resistance and alkali resistance. 



[0008] 

(Steps for solution) 

This invention is concerning a radical curing type flame resistant resin 
composition which contains a radical polymerizing resin (A), an amino compound which 
has a triazine ring (B). The amount of amino compound which has a triazine ring (B) is 1 
to 30 wt. parts per 100 wt. parts of radical polymerizing resin (A). The radical 
polymerizing resin (A) contains epoxy (meth)acrylate containing phosphorus (C) 
obtained by reacting acid ester (meth)acrylate phosphate (a) with an epoxy compound 
(b). 

[0009] This invention is also concerning products made by curing the radical curing type 
flame resistant resin composition above. 

[0010] The radical curing type flame resistant resin composition of this invention 
contains a radical polymerizing resin (A), an amino compound which has a triazine ring 
(B). The radical polymerizing resin (A) in this invention is polymerized by a radical 
polymerization reaction. It contains epoxy (meth)acrylate containing phosphorus (C) 
obtained by reacting acid ester (meth)acrylate phosphate (a) with an epoxy compound 

(b). 

[001 1] The acid ester (meth)acrylate phosphate (a) forms an epoxy (meth)acrylate 
containing phosphorus (C) by reacting with an epoxy compound (b). It is not specifically 
restricted as long as it is a compound that has at least one active hydrogen group which 
reacts with an epoxy group, in other words, a (P-OH) group and (meth)acryloyl group. 
The ester phosphate bond of the above acid ester (meth)acrylate phosphate (a) is formed 
by condensation of a phosphoric acid group and a hydroxyl group. Examples of the acid 
ester (meth)acrylate phosphate (a) include, for example, mono (2-(meth) acryloyl oxy 
ethyl) acid phosphate, di(2-(meth)acryloyl oxy ethyl)acid phosphate, mono(2- 
(meth)acryloyl oxy propyl) acid phosphate, di (2-(meth)acryloyl oxy propyl) acid 
phosphate, mono (3-(meth) acryloyl oxy propyl) acid phosphate, di(3-(meth)acryloyl oxy 
propyl) acid phosphate, mono (2-(meth)acryloyl oxy ethyl) methyl acid phosphate, mono 
(2-(meth)acryloyl oxy ethyl) ethyl acid phosphate, (3-(meth)acryloyl oxy propyl) (2- 
(meth)acryloyl oxy ethyl) acid phosphate, etc. They can be used either alone or by 
combining two or more kinds. 

[0012] It is possible that part of the above acid ester (meth)acrylate phosphate (a) is 
substituted with unsaturated-basic acid that has a carboxyl group of (meth)acrylate, etc 
and is reacted with an epoxy compound (b). 

[0013] As long as the above epoxy compound (b) has at least one epoxy group and/or 
glycidyl group in the molecule, is not specifically restricted. For instance, there are 



radical polymerizing compounds which have a glycidyl group, bisphenol type epoxy 
compounds, novolac type epoxy compounds, bis phenol hydride type epoxy compounds, 
novolac hydride type epoxy compounds, etc. They can be used either alone or by 
combining two or more kinds. The radical polymerizing compound which has the above 
glycidyl group is not specifically restricted. For example, there are glycidyl 
(meth)acrylate, allyl glycidyl ether, etc. They can be used either alone or by combining 
two or more kinds. 

[0014] The above bis phenol type epoxy compound and bis phenol hydride type epoxy 
compound are not specifically restricted. For example, there are epoxy compounds of the 
glycidyl ether type acquired by reacting epichlorohydrin or methyl epichlorohydrin and 
bis phenol A, bis phenol F or bis phenol S; epoxy compounds acquired by reacting 
alkylene oxide addition products of bis phenol A, bis phenol F, or bis phenol S and 
epichlorohydrin or methyl epichlorohydrin; and hydride products of these epoxy 
compounds. They can be used either alone or by combining two or more kinds. 
[0015] The novolac type epoxy compound and hydride novolac type epoxy compound is 
not specifically restricted. For example, there are epoxy compounds acquired by reacting 
phenol novolac or cresol novolac and epichlorhydrin or methyl epichlorhydrin or 
hydrides of these epoxy compounds. These can be used either alone or by combining two 
or more kinds. 

[0016] Since reaction with acid ester (meth)acrylate phosphate (a) is appropriate, it is 
preferred that part or all of the above epoxy compound (b) is glycidyl (meth)acrylate. 
This prevents gelling during the reaction of acid ester (meth)acrylate phosphate (a) and 
epoxy compound (b). The viscosity of the acquired epoxy (meth)acrylate containing 
phosphorus (C) will be appropriate. Since the molecular weight is relatively low for 
epoxy compounds (b) such as glycidyl (meth)acrylate, it is possible to increase the 
amount of phosphorus atoms in the epoxy (meth)acrylate containing phosphorus (C). 
Formulating a radical polymerizing resin (A) with the appropriate amount of phosphorus 
atoms becomes easy. 

[0017] Is not specifically restricted on the ratio of glycidyl (meth)acrylate in the above 
epoxy compound (b). However, 40 to 100 mol % is suitable based on the amount of 
epoxy. If it is less than 40 mol %, reaction may be promoted in excess. More preferably, 
it is 60 to 100 mol %. 

[0018] The reacted ratio of the above acid ester (meth)acrylate phosphate (a) and epoxy 
compound (b) is not specifically restricted. However, the ratio of the total amount of 
epoxy group and/or glycidyl group of epoxy compound (b) should be 0.5 to 1.5 per the 
total amount of P-OH group in the acid ester (meth)acrylate phosphate (a). If it is less 
than 0.5, since the amount of P-OH group of epoxy (meth)acrylate containing phosphorus 
(C) becomes too much, water resistance of the cured product becomes inferior. On the 
other hand, if it exceeds 1 .5, the amount of epoxy group and/or glycidyl group of epoxy 
(meth)acrylate containing phosphorus (C) becomes too much. Therefore, it reacts with 
the amino compound (B) that has a triazine ring during storing of the resin and shelf life 
becomes inferior. It may also influence the curing structure of the radical curing resin 
composition. More preferably, it is 0.8 to 1.2. 

[0019] A reactive catalyst may be added to promote the reaction of the above acid ester 
(meth)acrylate phosphate (a) and the above epoxy compound (b). To prevent gelling 



during the reaction, a polymerization prohibiting agent or molecular oxygen may be 
added. 

[0020] As the above reaction catalyst, for example, there are amine groups such as 
triethyl amine, acid addition products of amine groups, quaternary ammonium salts such 
as triethyl benzyl ammonium chloride, amide groups, imidazole groups, pyridine groups, 
phosphin groups such as triphenyl phosphin, phosphonium salts of tetra bromo 
phosphonium bromide, sulfonium salts, sulfonic acid groups, organic metal salts such as 
zinc octate, etc. They can be used either alone or by combining two or more kinds. 
[0021] The amount of reactive catalyst is not specifically restricted. However, it should 
be 0.005 to 3.0 wt. % per the total amount of the above ester (meth)acrylate phosphate (a) 
and the above epoxy compound (b). 

[0022] The polymerization prohibiting agent may be, for example, hydroquinone, methyl 
hydroquinone, p-1 -butyl catechol, 2-t-butyl hydroquinone, tolhydroquinone, trimethyl 
hydroquinone, p-benzoquinone, naphthoquinone, methoxy hydroquinone, phenothiazine, 
methyl benzoquinone, 2,5-di-t-butyl hydroquinone, 2,5-di-t-butyl benzoquinone, 2,2,6,6- 
tetramethyl piperidine-l-oxyl, copper naphtate, etc. They can be used either alone or by 
combining two or more kinds. 

[0023] The molecular oxygen may be, for example, oxygen gas or a mixture of oxygen 
and an inactive gas such as nitrogen. The molecular oxygen can be supplied by blowing 
it into the reaction system or so-called bubbling. To prevent gelling by polymerization 
sufficiently, both a polymerization prohibiting agent and molecular oxygen should be 
used. 

[0024] During reaction of the acid ester (meth)acrylate phosphate (a) and the epoxy 
compound (b), a radical polymerizing monomer or solvent may co-exist in the reaction 
system if necessary. The reaction temperature and reaction time are not specifically 
restricted, and they can be chosen appropriately in accordance with the properties of the 
acid ester (meth)acrylate phosphate (a) and the epoxy compound (b) or the amount of 
reactive catalyst. 

[0025] The average molecular weight of the epoxy (meth)acrylate containing phosphorus 
(C) in this invention should be in the range of 300 to 6000. If it is less than 300, various 
physical properties of the cured product such as flexibility become inferior. On the other 
hand, if it exceeds 6000, the viscosity of the epoxy (meth)acrylate containing phosphorus 
(C) becomes high, and workability drops. More preferably, the range is 300 to 2000. 
[0026] So that the cured product can have sufficient basic properties, the radical 
polymerizing resin (A) in this invention should consist of a mixture of radical 
polymerizing oligomer which contains epoxy (meth)acrylate containing phosphorus (C) 
and a radical polymerizing monomer. 

[0027] The radical polymerizing oligomer should have at least two radical polymerizing 
groups in the molecule. If it has just one, the cured product may have inferior basic 
properties such as strength. In addition to the epoxy (meth)acrylate containing 
phosphorus (C) above, the radical polymerizing oligomer can contain other radical 
polymerizing oligomers. 

[0028] The kind of additional radical polymerizing oligomers is not specifically 
restricted. For instance, there are unsaturated polyester, epoxy (meth)acrylate, urethane 
(meth)acrylate, polyester (meth)acrylate, etc. They can be used either alone or by 
combining two or more kinds. 



[0029] As long as the radical polymerizing monomer above has unsaturated bonds which 
can be polymerized and reacted with the radical polymerizing oligomer, it is not 
specifically restricted. For example, there are styrene, ot-methyl styrene, vinyl toluene, 
divinyl benzene, diallyl phthalate, N-vinyl pyrrolidone, diethylene glycol divinyl ether, 
methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, methoxy ethylene 
glycol (meth)acrylate, 2-phenoxy ethyl (meth)acrylate, dicyclopentenyl oxy ethyl 
(meth)acrylate, ethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate, 1,6- 
hexane diol di(meth)acrylate, trimethylol propane tri(meth)acrylate, etc. They can be 
used either alone or by combining two or more kinds. 

[0030] The ratio of radical polymerizing oligomer which contains the above epoxy 
(meth)acrylate containing phosphorus (C) and the above radical polymerizing monomer 
is not specifically restricted. However, it should be in the range of 2/8 to 9/1 . If the 
radical polymerizing oligomer is more than 9/1 ratio, the viscosity of the resin 
composition becomes high, and workability drops. At the same time, the curing feature 
drops. On the other hand, if the radical polymerizing oligomer is less than 2/8, the flame 
resistance of the cured product is lowered. More preferably, it is in the range of 4/6 to 
8/2. 

[0031] The epoxy (meth)acrylate containing phosphorus (C) above reacts acid ester 
(meth)acrylate phosphate (a) and epoxy compound (b) and introduces shared phosphorus 
atoms which are bonded to the resin frame. This guarantees that the cured product which 
consists of the radical curing type frame resistance resin composition of this invention 
containing epoxy (meth)acrylate containing phosphorus (C) will have sufficient heat 
resistance, water resistance, electrical properties, and mechanical properties. When the 
resin is cured, the phosphorus compound will not bleed, and uniform flame resistance can 
be acquired. 

[0032] The amount of epoxy (meth)acrylate containing phosphorus (C) in the radical 
polymerizing resin (A) of this invention is not specifically restricted. It can be adjusted 
so that the number of phosphorus atoms in the radical polymerizing resin (A) will be a 
predetermined amount. The number of phosphorus atoms in the radical polymerizing 
resin (A) should be 0.5 to 10.0 wt. %. If it is less than 0.5 wt. %, the flame resistance of 
the cured product may become low. On the other hand, if it exceeds 10.0 wt. %, the cost 
of the resin composition may become high. More preferably, it is in the range of 1 .0 to 
10.0 wt. %. 

[0033] As long as the amino compound which has a triazine ring (B) in this invention has 
at least one triazine ring on average in the molecule, it is not specifically restricted. 
Examples include melamine, isomelamine, benzoguanamine, acetoguanamine, guanyl 
melamine, methylol products of these compound, alkyl ether substance, etc. They can be 
used either alone or by combining two or more kinds. Among the amino compounds 
with the above triazine ring; melamine, isomelamine, benzoguanamine, acetoguanamine, 
guanyl melamine, etc., are suitable. Among these, benzoguanamine is most preferred 
since it has good mutual solubility with the radical polymerizing resin. 
[0034] The amount of amino compound which has a triazine ring (B) in the above is 1 to 
30 wt. parts per 100 wt. parts of the radical polymerizing resin (A). If it is less than 1 wt. 
part, the flame resistance of the cured product drops. At the same time, chemical 
resistance such as alkali resistance will be lower. On the other hand, if it exceeds 30 wt. 
parts, the amino compound which has a triazine ring (B) cannot be dissolved in the resin 



composition and it will be deposited. Preferably, it is 5 to 30 wt. parts, more preferably 
10 to 30 wt. parts. 

[0035] The amino compound which has a triazine ring (B) can be mixed into the radical 
polymerizing resin at any time, and it is not specifically restricted. For example, it can be 
done during synthesis of the epoxy (meth)acrylate containing phosphorus (C), during 
mixing of the epoxy (meth)acrylate containing phosphorus (C) and polymerizing 
unsaturated monomer, etc. 

[0036] Both the amount of phosphorus in the radical polymerizing resin (A) and the 
amount of amino compound which has a triazine ring (B) in the radical polymerizing 
resin (A) contribute to the flame resistance of the cured product. Since the radical 
polymerizing resin (A) has an ester phosphate bond, the alkali resistance of the cured 
product drops. However, the amino compound which has a triazine ring (B) prevents a 
drop in alkali resistance. By achieving an appropriate balance of amino compound 
which has a triazine ring (B) and the amount of ester phosphate bond, the cured product 
will have sufficient alkali resistance . 

[0037] In order to produce the desired physical properties such as flame resistance in the 
cured product, it is possible to add an inorganic filler to the radical curing type flame 
resistant composition of this invention. Suitable fillers include, for example, aluminum 
hydroxide, calcium carbonate, barium sulfate, alumina, metal powder, kaolin, clay, talc, 
milled fiber, silicon, diatomaceous earth, crystallizing silica, molten silica, glass, etc. 
They can be used either alone or by combining two or more kinds. Aluminum hydroxide 
is best since it is easily molded and it improves flame resistance greatly. 
[0038] The amount of inorganic filler should be 20 to 80 wt. % of the entire amount of 
radical curing type flame resistant resin composition. If it is less than 20 wt. %, the 
physical properties of the cured product become insufficient. On the other hand, if it 
exceeds 80 wt. %, curing of the resin composition becomes inferior, and the cured 
product may have insufficient flexibility. More preferably, it is 30 to 70 wt. %. 
[0039] It is possible to add reinforcing fiber to the radical curing type flame resistant 
resin composition of this invention in order to improve various physical properties such 
as cured strength. The type of reinforcing fiber is not specifically restricted. For instance, 
there are inorganic fibers such as glass fiber, carbon fiber; organic fibers such as vinylon, 
phenol, teflon, alamide, and polyester. They can be used either alone or by combining 
two or more kinds. 

[0040] The shape of the above reinforcing fiber is not specifically restricted. For 
example, it can be chopped strand mat, preformed mat, continuous strand mat, surfacing 
mat; chopped fiber, rope, non-woven fabric, etc. 

[0041] In order to improve the flame resistance of the cured product, it is possible to add 
a flame resistance agent to the radical curing type flame resistant composition of this 
invention. The type of flame resistant agent is not specifically restricted. For example, 
agents normally used for radical curing type flame resistant resin are suitable. Among 
these, flame resistant agents which do not include halogen atoms are preferred for 
environmental considerations because they do not produce dioxins during burning. 
[0042] The type of flame resistant agent which does not have halogen atoms in the 
molecule is not specifically restricted. For example, there are ester phosphates such as 
triphenyl phosphate, cresyl diphenyl phosphate, resorcin diphenyl phosphate, tri ( (meth) 
acryloyl oxyethyl) phosphate; phosphorus compounds such as ammonium polyphosphate; 



phosphorus - amino composite compounds such as melamine phosphate salt, guanizine 
phosphate; borate compounds such as zinc borate, aluminum borate, etc. 
[0043] In order to improve dispersion and curing of the resin composition or various 
physical properties of the cured product, it is possible to add other resin components or 
additives to the radical curing type flame resistant composition of this invention. 
[0044] In order to increase curing speed and improve manufacturing efficiency, a curing 
agent may be added to the radical curing type flame resistant composition of this 
invention. To adjust curing, it is possible to add a curing promoting agent. These curing 
agents and curing promoting agents can be added to radical curing type flame resistant 
resin composition beforehand, or they can be added before curing. However, the time 
they are added determines the pot life of the resin composition. 
[0045] The type of curing agent is not specifically restricted. For example, there are 
organic peroxides such as benzoyl peroxide, t-butyl peroxy benzoate, methyl ethyl ketone 
peroxide, dicumil peroxide, t-butyl hydroperoxide, cumene hydroproxide; azo 
compounds, etc. They can be used either alone or by combining two or more kinds. 
[0046] The amount of curing agent is not specifically restricted. However, 0.05 to 10 
wt. % is preferred per 1 00 wt. parts of the radical curing type flame resistant resin 
composition. If it is less than 0.05 wt. %, the curing speed of the resin composition 
becomes slow, and manufacturing efficiency may be inferior. On the other hand, if it 
exceeds 10 wt. %, curing speed of the resin composition becomes too fast, and it may 
show inferior workability. 

[0047] The radical curing type flame resistant resin composition of this invention is 
suitable for molded products which demand flame resistance such as vehicles and 
mechanical parts, construction materials, containers, electronic and electric parts, precise 
machines, film, sheet, pipe, etc. 

[0048] The cured product in this invention consists of the radical curing type flame 
resistant resin composition of this invention. It can be cured by conventional curing 
methods and process conditions. The cured product will have both sufficient flame 
resistance and alkali resistance, and it can be used for various applications. This cured 
product is also a part of this invention. 

[0049] 

(Examples of practice) 

In the following, this invention is going to be explained in more detail listing 
examples of practice. However, this invention is not restricted to these examples of 
practice only. Also, "part" means "weight part". 

[0050] 

Preparation example 1 

185 parts of Araldide GY-250 (product name; manufactured by Chiba Gaigy) 
which is a bis phenol type epoxy compound with 185 average epoxy amount, 142 parts of 
glycidyl methacrylate, 0.10 part of hydroquinone, and 2.4 parts of triethyl amine were put 
in a four opening flask with a thermometer, stirrer, gas supply tube, and reflux cooling 
tube and the temperature was raised to 1 1 5°C. After that, 23 1 parts of Lite Ester P- 1 M 
(product name, manufactured by Kyoei Kagakush) ester phosphate (meth)acrylate were 
dropped in air. After that, it was reacted for 1.5 hour at 1 15°C, and an epoxy 



methacrylate containing phosphorus was acquired. In addition, 159 parts of 
benzoguanamine and 239 parts of styrene were combined. The radical curing type flame 
resistant resin composition (1) according to this invention was acquired. 

[0052] 

Preparation example 2 

The same reaction container as example 1 above was used to combine 284 parts 
of glycidyl methacrylate, 0.10 part of hydroquinone, and 2.4 parts of triethyl amine. The 
temperature was raised to 1 15°C. After that, 231 parts of Lite Ester P-1M (product name, 
manufactured by Kyoei Kagakush) ester phosphate (meth)acrylate were dropped in air. 
After that, it was reacted for 1.5 hours at 1 15°C, and epoxy methacrylate containing 
phosphorus was acquired. In addition, 110 parts of benzoguanamine and 221 parts of 
styrene were combined. The radical curing type flame resistant resin composition (2) 
according to this invention was acquired. 

[0052] 

Preparation example 3 

The same reaction container as example 1 above was used to mix 284 parts of 
glycidyl methacrylate, 0.10 part of hydroquinone, 2.4 parts of triethyl amine, and 1 10 
parts of benzoguanamine. The temperature was raised to 1 15°C. After that, 231 parts of 
Lite Ester P-1M ester phosphate (meth)acrylate (product name, manufactured by Kyoei 
Kagakush) were dropped in air. After that, it was reacted for 1 .5 hours at 1 1 5°C, and an - 
epoxy methacrylate containing phosphorus that also contains benzoguanamine was 
acquired. In addition, 221 parts of styrene were added. The radical curing type flame 
resistant resin composition (3) according to this invention was acquired. 

[0053] 

Preparation example for comparison 1 

Following same procedures as preparation example 1, an epoxy methacrylate 
containing phosphorus was acquired. Then 239 parts of styrene were added, and the 
radical curing type resin composition (1) in the examples of comparison was acquired. 

[0054] 

Preparation example for comparison 2 

The reaction container in example 1 was used to mix 370 parts of Araldide GY- 
250, 172 parts of methacrylic acid, 0.10 part of hydroquinone, and 2.3 parts of triethyl 
amine were. After that, it was reacted for 6.5 hours at 1 15°C, and an epoxy methacrylate 
was acquired. In addition, 154 parts of benzoguanamine and 232 parts of styrene were 
combined. The radical curing type flame resistant resin composition (2) in the examples 
of comparison was acquired. 

[0055] 

Example of practice 

100 wt. parts of each radical curing type frame resistance resin composition (1) to 
(3) that were acquired in examples 1 to 3, 150 wt. parts of aluminum hydroxide (product 
name "Hidilite H-321", manufactured by Showa Denko), and 1.0 wt. part of curing agent 



(product name "Perbutyl Z" manufactured by Nippon Yushisha) were combned and 
mixed uniformly. Radical curing type flame resistant resin compositions (1) to (3) with a 
curing agent was each prepared. Next, each radical curing type flame resistant resin with 
curing agent was poured into a glass case with 3 mm spacers between them, and it was 
cured in a hot air circulating oven for 30 minutes at 100°C and then for 30 minutes at 
175°C. After curing, it was cooled to room temperature, the glass plate was removed, 
and cured products (1) to (3) were acquired. Cured products (1) to (3) were evaluated by 
the following method. The results are shown in table 1 . 

[0056] 

Evaluation method 

(1) Flame resistance test 
The cured product was cut into strips that were 70 mm long and 6.5 ± 0.5 mm wide to 
make samples for flame resistance testing. These samples were evaluated following JIS 
K 7201 (1995) "Burning test method of polymer material by oxygen index method". The 
oxygen index is an index which indicates flame resistance. It represents the lowest 
oxygen concentration in % which is necessary for continuous burning. Material with a 
high value has high self extinguishing feature and is hard to burn. It has a high flame 
resistance. 

[0057] 

(2) Alkali resistance test 

The cured product was immersed in a solution which contained 10 wt. % of sodium 

hydroxide for 1 hour at 80°C. After immersing, whitening of the surface of the cured 

product was observed by eye, and it was evaluated by the following standard. 

A: not whitened at all, and there is no change in appearance. 

B: slightly whitened, but hardly any change in appearance. 

C: partially whitened 

D: entirely whitened 

[0058] 

Example of comparison 

Radical curing type resin compositions (1) and (2) from examples of comparison 
1 and 2 were used to prepare cured samples following the same procedures as the 
examples of practice. Cured samples from the examples of comparison (1) and (2) were 
evaluated the same as the examples of practice. The results are shown in table 1 . 



[0059] 
table 1 
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[0060] As is obvious from table 1, examples of practice (1) to (3) all have a high oxygen 
index. They have sufficient flame resistance. Since the surface of the cured product was 
hardly changed by the alkali resistance test, it had excellent alkali resistance . 
[0061] Compared to the above, example of comparison (1) had flame resistance to some 
degree although it was inferior to the product of this invention. However, its alkali 
resistance was bad. Since the cured product from example of comparison (2) did not 
have phosphorus atoms, its oxygen index was low, and its flame resistance was inferior. 

[0062] 

(Effects of this invention) 

The flame resistant resin composition of this invention has the above constitution, 
and it has sufficient flame resistance and also has sufficient alkali resistance. In addition, 
the cured product of this invention has sufficient flame resistance and also has sufficient 
alkali resistance. Therefore, it can be used for various applications. 
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(57) [£*&] 

? 5?*A'M-&tt«jB (a) , at*, h y 
r^vm^w-fST?/^^ (b) £-ttf7i?#/HS 

iksmm&mim&ib-eh-ox, k h y r 

3T$>Mls£* (B) «E5^*^fi^tt«t 
11(A) 1 0 OgfigBtCttLT. 1~3 0fiigl5t?fe 
9, K5S>*A'fi£tt»ffi (A) 14, S«yySx7f 
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[»f)FSf#G>$5BI] 

imxmi] y^^s^mm (a) , it* m 

7i?>m* : $i-%T$SiK&® (B) &£tr7 3?*/Vfl{ 

Z>7*/\t&m (B) *>£tf*WU *7^*yvfi^tt» 
II (A) lOOlf^MLt, 1-3 0I1B-C*) 

«9, ^7v?^/vi^fi (a) 8ttyy»x7r 

/V T^yu-h (a) (b) 

-h (C) «r*®*»i:Lr^*1-*rtft«rafci-«6 
K»*K2] SJE^#^Wfr&* (b) <&-8BXtt£ 
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[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] :n#*$/ Ufi) y U-hSr-&tP»il 

[0 0 0 4] ^©J:5*Jt«ttW:, a»tt. KttfflfcE 

tc «t o r jc y ^jewf* 5 ^* Sftsrtfcft*?, 

[0 0 0 5] La»Lfc#&* y VJK^KJ;«ffffl©*-e 
ft 5 , Kfl&ft y yft*4fc*r*»c«« Lftrthtfft bft 

^^ofc 0 y ^K^o*#*»**-ctt»ft*©as 

5 ftafettli, y Wb^^y ^K^tvi^t/u 
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» (B) **tP7^/WffiftSKJI»tt«llgft^*r**)0 

t\ ±iBhyr^vasr*i--5T^/ft'&* (b) ^ 
±B9^*^«*ttHtB (A) lOOfiiSMc 
»LT. l-3 0liStfe^ ±E7^#A-fi£H±J8 
Jig (A) tt, ^yy|?x^r;v T*yu- h 

(a) ticjK*i/<k^» (b) fcfcEfcS*Tfc5y:/ 
^r^*^ o**> r*yu~ h (o sr&gosa* 

[0 0 0 9] #36Wtt*fc, ±E5^*^ftlBBfttt 

[ooio] *isw<z)7^*/wKftS««Stt»JBiia^* 
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^■$Z>THJ{c<%m (B) *r*tf. *^MItS7^ 

#A*&te«Mg (a) ra\ ^^/ufi^siSicji^Bift 
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sy>^#3i#*s/ (y^) r^yu- h (c) tr£« 
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(a) am (b) <bS^LT 
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(^^) r^yu-h (a) tu-cn. «Atf, 
^ey (2- (y*) r^yn^/^^^^u) r->y 

Kxh^7x— h s (2- 7^!)dW^> 

r^K*^7x-K *y (2- (^^) r 

(2- O**) 7^yp^;u«^ot» 7->yK 
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/ (2- O**) T^yp^^i/xf/l/) ^f;l/7 
i/y K**73i— K *y (2- r^!)D>f^ 
t*^if/U) xfA/7^K*^7x-h, (3- 
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[0012] ±fe&tty y^^T/w 7^ y u 

-Ma) <z>-»«\ T9VMMto%A'** 
fb^fe (b) fcfiOS**rt>J:^. 

10 0 13] ±E^#*i/ffc<&4& (b) iL/Ttt, 
rtfc 1 fiK±03iaK*i/*2ll//Xtt^ y i/^A*** 

tJ:<, 2«SLh«:#«L"Ct>J:i\ ±!2^y^^S 
1\ Wx.tf, 7^!)i^-K 79^ 

[0 0 14] ±EbT^7 3i/-A«3i**V<k^4fcJtW 

F Xfi t^7xy -/us 4: OfOSlc ± 9 » fettS ^ y > 
vvuzc— ^/l/Sos^i/fc&ft ; Vx?*;— /PA, 
^7xy-;i/FXfi^7xy-yi/S©7^^>'t 

^nywh Ky ^toSlSlcJ:0»bixS3iaR*Mb^ 
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9 ^*3c#*i/ 7^u-F (C) O&gri? 

Mtttottta. ^y->^ r^yi^ 
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(b) ^#-r5^**^S^t^/X 
ttt^5 5/^»©^H-*©H:*^0. 5-1. 5tteZ> 
J:^ra^t^:H«ii/\ 0. 5*«|-Cfc3^ 
yyttx^^ 0**) r^yu-h (c) avfr-ra 

££<h. yygtx^(^) 7^yu-h (c) 

tt57$yft^fc (B) ^S^LTJSjKS&^tt^lST 
L<tt, 0. 8-1. 2-e*>6« 

[0 0 19] ±ESH±y y^^^/V ^) 7^1/ 
(a) t±E^sK*i/ft^ft (b) b<DKJSlz&^ 

[0 0 2 0] ±EKI&*«E4 Lttt, , h y 

M^;l/7^=i)A^D7^ K*0»4iRT^=. 

r^hm >f^^/-/Hs, fc-y>?y^ hy 

7x=;U*77^y§W*^7>f^ Tf7/D^ 

[0 0 2 1] ±ES^tt»©SSSPft t L-Ctt«Hc|R&* 
h (a) t±E^7K*i/ft^Ui (b) £CD£ffft{C*fL 

x. 0. 005-3. ofift%KK£-rs::fcds#*L 
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[0 0 2 2] ±iES^Jt#J<bL-m, «x.tf, K 
Tv>>\ ^^v^W^r/ V, 2, t -^/l/ 

v x 2, 2, 6, e-rh^w^y^-i-t 

[0 0 2 3] ±E*B L «R*i: LTtt* 

[0024] ±ie^tty ^Kx^r/v o<*) r*y u 
-h (a) t±m^x**sit&m (b) tosj£^*jv> 

4tt*«$**#$*Tt>J:v\ ±EEJ£<0SJSi&£X 

*tvv (y*) r^yw-h (a) fc±E^#**>ffr& 

* (b) to^tt^±ER«^«<o«»D*«lcrt:D 

[0 0 2 5] *^K(C*5ltSy >^fr*#*S/ U*) 
T*9U— h (C) Oft^^* (Mn) IS. 3 00 
-6 0 0 0tfc6Cfc^ff*U>, 3 0 0*fit$)§ 

y y^^^rv' u*) Ttyi'-v (c) 

3 0 0-2 0 QOX'hZo 

[0 0 2 6] *%W\CtotfZ>yVZsUM&&®m (A) 
l£, ±mV V^*a:#*S/ 7^Ul/-h (C) 
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[0 0 2 7] ±i57^^fi^tt^-y =^-H\ 

ijyttxftv' T^yu-h (C) <£>fdl(^ 

[0 0 2 8] ±E^offi<D7^^fi^14^-y =f^-i 

^-K=^> (y r^!ii/-K v 

y k ^y^*^ r^y u-h^s^tf 

[0 0 2 9] ±E7^*/Ufi-&tt*i:«c4LTtt, 7^ 



y k ^) r * y k 

a* (y yu-h, y h^^u^y =3-/i/ 

T^y^F, 2-7x/^rVx^ (y*) 
T * y k n^yf^^^^xf;i/ (y 

y k xf i/y^y 3— /us; (y 7^ 
y f-k /nfi/y^y =i— ivv (y 7^ y 
k l, 6-^*ihv^;fr-/i^ (y*) r*y 
k hy^fn-^p/^nj (^^) r^yu-h 

[0 0 3 0] IBJytti^^ r^y 
h (C) LT^tP^^^S^^y =^ 

Lv\ 9/i£9 hy v^/vfi-frtta-y rf^-^v^j 
-f£4 4*>{C, BftttiSfiTl, 2/8 <fc «3 t9^*^ 

fi^tt^-y ^-^>ftV^W^"t?*>5 4, ffiftfeOH^ 

ttdS<ST1-**5«?:n^fcS 0 i9»*L<tt, 4/6- 
8/2T*i>5 0 

[0 0 3 1 ] ±|B5>**3i**S/ (^^) r^y 

h (O ^y r^yu-h 

(a) fcai**S/{t^D|| (b) ^K^T«« 

±isyv^#3i^^ 7 #\)i,-y (c) 

<m\*. mm. b*«u wm«mc*«t 
-r^r4ft<, mnma»*mtmk-tzK£.* 

y Wb^^y y - K*t 5 r 4 ft < , *S-ft«B»*Sr 
[0 0 3 2] *»BB07^*^S-&tt»]|g (A) {CjoJt 

6 y ^^tf^v (^^) r^y^h (c) 

(A) fc*5»tS»^H^^l:*S3f£*t«5J:5lc 
««+*ttf J:^ D ±E7^*^fi^tt»IB (A) icjott 

5yvj®^<D^Wfi«, o. 5-io. omM%vhz> 

ri*#*U\ 0. 5M%*iK-C*5t, 

te^<bft5«ft^jffii^ttdsfi<ft5^^fo9, i 
o. oli%^5^ »ffi*aj«*0>=i;< h*K<4 
5*5*ft**>5. J:t)»*L<tt, 1. 0-10. Ofi 

[0033] **w^*5»t$ hyr^^s^-rsr^ 

(B) tLm ^^i-^^LT lo^±(D 



io^T-*-* bic#£ u*. 

[0034] ±Ehyr^«£*i-ar$/{fc£* 

(B) JbE7^*^*^tt»ll (a) 10 

fr*V&^<DMm&ft&&T'f?>^ttte'9. 3 011 

(b) twmm&mz&M^zti'ffcVrm'tzz tbtz 

14, 1 0-3 0liSt^ o 

[ o o 3 5 ] ±ie h y r ^ vssrW-ra r s / 

(b) (Dy^/um^mm^<om^m^ti<om^x 

^toi^>> (^^) 7^ui/-h (o tm&&*im 

[oo3 6] *mw<D5v**ffltw&&&ffi!imi&® 
ii, 7^*^fi^tt»ii (a) ic&ttsy >ii^>^r 
9^*/vfi^tt«iig (a) ic»rshyr^v« 
ftttsr^yft^* (b) <D^»£a^sMfcft£## 

6 Q Ztc s 9i?*ju&&&mm (A) dsyvft^-r^ 
(B) *Si8T^ytt<Ofi:T«:B6#\ b})TiS>&*G 

tz>7Z/ik&® (b) o^#»t y y^^y/ns* 
[0037] ^no?^A«fta]ii^a«iM 

$m'<v$^ 7Ar$i-, ^^-y>- 
[0038] ±ia«i«3isa#j<o^ft t urn. ? 

^HJ|flsSBW»tt»ffi»*ft UT, 20-801 



L<I3\ 3 0-7 0ii%T^5o 
[0 0 3 9] **W©7^^^«ftS!ll»tt»Btfj«» 
fete, «<b«0^«^«-afttt4:[Rl±$*S^:i?>{c % 

tf-n^ 7x;-/K r7oy, 77 S 

10 0 4 0] ±E»ft»»^tt^ UTttWKlRSStL 
«^tf, ;^s>y?X h7^Kvy K ^y 

K t-7x->>y/7y h# ; 7^ 

; n-fcfi/^tt ; ?ftttR**'*tf b*l5o 
[0 0 4 1] *»W07^*^WI^JiBtt»i|gj^* 

mis, rok*<oji«tttiRi±**5fc«)^, MtiHfcB 
±mmmmt vx\m\m^n 

[0 0 4 2] ±E#**|C^ny:/«*fc*Sfc^» 

v^y^/wt^^-K hy ( (^) 7^n-{ 

)Visr^y^)V) y h^(D y V^^t/u ; jK 

y y >"§£x >^ - k^<d y wb-e* ; ^ ^ ^ ^ y >m 
tt. y y»^7=^y*© !) y • 7 ^ ; * 

if e>tt5 D 

[004 3] «p^^)7^^;^{WIWIM 

[0044] *wii<»y ^/mimmm^mmufsm 

YMllitt;±E«ftffiJtffltt, fo b ^ C a6 7 /HBEftS 
[004 5] ±EBMfcaifc L-Ctt#icH3E*ii"f % 0iJx. 
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[0 0 4 6 J ±E«ft«KoaS*D*t LT«#icH^^tl 

fcv^s, 7^^/«f I^iia^i o oits 

0. 0 5-10li%iSff*lK 0. 0 5 

[oo47] *%w<Dj v%jvmtmm&mmma 

ttU <M^-«M3p n p, ^rt-, «^-*«» 

p p D , oaw, m%mw. 74ji>j>>, 

[0 0 4 8] *8H©«ft*M:, *BW©?i>**«fc 
S3i»tt»reiW»tWbLX«5t>«)-e*>S. ±1B« 

[0 0 4 9] 

mmm] &TizmmMz&tfx*mwz^mL<m 

[0 0 5 0] KRAIl 

• ^-ttfi) i8 5«, ^y^/v^^yi/- 

hl4 2H,^Kn^yO. 103, &U\ MJ^ 
f L /UT^>2. 43£tt&A/t\ 1 1 5ttt#It, 

2 3 l3&iBTLfc 0 llStfl. 5«MWK 

icjEIc, -iy/m^i 5 93, ^fu>2 

WIBIBAtt (1) zmz 0 
[0 0 5 1] mstw 2 

mm i fc H«os*6«*c, ^ y v^/vy ^yu- 
/^Kp^yyo. 103, hy^/ur 

*^2. 4 3£tt&A,T\ 1 i 5t*-e#MML Sftft 
Stf, 7-f hx^P-lM (ffip n p*) 2 3l3£?S 

Tt/co ii5tti. suSBJRJSLT, ] Jy 

✓ yrtSVl 1 03, ^fi/V2 2 i3£E^ 
(2) £#fc 0 



[0 0 5 2] M!#J3 

^ >2. 43, ait* ^/m^i i o3£ft& 
A/X% 1 1 5t*-e#an % h^*^ 

yup-lM (ft D %4) 2 3 l3SrjBTL^ 0 l 

A«fl:aUI«H^BtMt* (3) Sr»fc. 
[0 0 5 3] ItMmffll 

h£#fc 0 rixicjEic, 7^U>2 3 93^K^LXIt 
«<05^/ns<bS»J!Bj|a^* (l) Sr#fc 0 
[0 0 5 4] tttfclttMH2 

mtfli tmtnsx&mz. r?;^ Kgy-2 5 

0 (f$p D p£) 3 7 01 ^^J;l«17 2a, 

n^r/^o. 103, hy^^/vr^>2. 33 

£tt£A,-C\ ffi«Mfc*K 115t-C6. 

"/ifT^X > 1 5 43, ^^U>2 3 23^ga^ 

Lrit*©9^*/i/«fldi«]||iBrii* (2) *#fc 0 

[0055] %m\ 

mm 1 - 3 x^tiity &*A&ttwmKtmtnm& 

m (1) - (3) OOfiSSfc:, *»{tT/i' 

(fgp p p £ IW i^y^ h H— 3 2 I J . Bg^nS; 
XttS) 1 5 0St«, At/, 8Mb»J («p°p^ 
fvuzj , B*»J!Btt») 1. 0SS:3«rAPx.T^-tc 

KMM£«1IB«^« (l) - (3) fcth^ftSBHLfc. 

**«r*tt^sfeAu, aasaatawp*. loot 

T*3 O^ra, ftV^-C. 1 7 5 ^^3 04>IBWfc**fc. 

(1) ~ (3) &*th?timc 0 &,T\^i-wm^mc 

<t«9, (1) - (3) $r|?«Lfc 0 

[0 0 5 6] Wffi^fe 

. ( 1 ) m^^m 

mbtlltrnkVa*. ^*lg$7 0mm, (16. 5± 
0 . 5 mmiZ)III^ ^ b U"C)i«Stt(Z>K»>i*t L/c 0 
JH8ttOffffi*«fett, J IS K 7201 (199 

5) mmm^cx^m^ummimm^^ (c 

[0 0 5 7] (2) i7/U*5ttKII 
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